The production of a wide range of polyvinyl acetate and its polymer analogues, and all possible materials based on them, of the most diverse designation, the comprehensive study of their properties, and the development and assimilation of technology for production and application -this is the work being done by the team at the Institute and its pilot plant.
Besides its basic and applied research work, for the entire duration of its research and production activity the Institute has also been equipped to tackle technological problems to ensure smooth operation of over 20 large-tonnage plants producing vinyl-acetatebased polymers. Being the leading organisation in this sector, the Institute has had to work with manufacturing works and with users of vinyl acetate and vinyl-acetatebased polymers. There was practically no enterprise in the Soviet Union working in the same fi eld as the Institute that did not have specialists of the Institute involved in the development of new polymeric materials and production processes. The practical achievements of the Institute include its participation in the organisation of about 15 large-tonnage industrial plants. In particular, plants commissioned were founded on scientifi c research and technological developments by the Institute in the fi eld of the synthesis of vinyl acetate from acetylene and ethylene, plasticised and non-plasticised homo-and copolymeric polyvinyl acetate dispersions, and polyvinyl alcohol by batch and continuous methods, polyvinyl acetals, and so on.
Thus, in 1986, with the active participation of specialists of the Institute, the fi rst plant producing vinyl acetate from ethylene was started up in the USSR, with a capacity of 50 kt/year. Subsequent developments also made it possible to intensify the production process and create a more effective catalyst for this process. At the beginning of the 1980s, specialists of the Institute developed a process and a highly effective catalyst for allyl acetate production. On the basis of this development, an industrial allyl acetate plant with a capacity of 10 kt/year was set up and assimilated. The creation and production of special grades of dispersions for the seamless binding of books in the printing industry, the joining of cigarettes to fi lters on modern high-speed machines in the tobacco industry, and copolymeric aqueous-dispersion composites for the coating of solid rennet cheeses in the process of their maturation and drying in the cheesemaking industry are noteworthy. For these purposes, a special plasticiser was developed, possessing antiseptic properties and with clearance for use in the food industry. Promising developments include a process for redispersible powders of homoand copolymeric aqueous dispersions, which are being used very successfully as a fi lm-former in vibrationdamping materials for the shipbuilding, engineering, and defence industries, and also in the building industry as fi lling compositions and adhesives. As a result of research over many years, special grades of polyvinyl alcohol have been created with the required properties for sizing of yarn fi bres in the textile industry, and for the preparation of grouting mortar in deep-well oil and gas production.
In connection with the well-known changes in the economic and political situation in the post-Soviet era, the slump in industrial production in Russia, the slump in the main industrial sectors using vinyl-acetate-based polymers, including the defence complex, and the actual cessation of the centralised fi nancing of industrywide science, research in the main fi eld of interest to "Plastpolimer" has not been experiencing the best of times. Both the quantity and the volume of research and development have had to be reduced considerably.
At the same time, in the past 15 years, by realising the possibility of conducting contract-fi nanced studies with international research funding, by conducting marketing studies using available pilot units, and by carrying out work to order for specifi c customers and individual manufacturers both in Armenia and in Russia, it has proved possible to sustain the principal line of research at the Institute. At the same time, the bank of research developments at the Institute has been analysed, and priorities have been determined for future research activity. Thereby, the nature of the scientifi c activity of the Institute has begun to shift towards the development of polymers of medical designation.
At the present time, research along the following lines is being developed at the Institute.
NEW POLYMERIC MATERIALS FOR THE TREATMENT OF RADIATION AND HEAT BURNS
Heat and radiation burns are among the main problems facing modern medical science. Burns and radiation injuries are becoming increasingly signifi cant not only in war zones but also in peaceful parts of the world, especially when emergency situations arise and natural and industrial catastrophes occur.
For the treatment of wounds and burns in medical practice, use is made of different antiburn materials based on both natural and synthetic polymers.
However, to date, in medical practice worldwide, cotton gauze products, the sorption capacity of which is unsatisfactory, predominate among the dressing materials used.
Research is currently being conducted at the Institute on the creation of highly effective materials with increased antibacterial, sorption, and anaesthetising properties, in the form of polymer fi lms and hydrogels, for heat-burn treatment.
In the course of the research, new polymer coatings based on water-soluble vinyl alcohol copolymers have been developed. The fi lm coatings are fi xed well on the surface of the wound without any additional devices and are a barrier to infection of the wound surface.
Under in vivo conditions, medicobiological parameters were studied on animals with a combined radiation and heat injury, using developed iodinecontaining fi lms. On the basis of the results obtained, it was concluded that the dressing can remain unchanged on the wound for 3-5 days or more.
It is proposed to use the developed polymers to create polyfunctional antiburn coatings possessing, besides nontoxicity, a number of useful properties. The high moisture capacity of the proposed materials will make it possible to achieve effective absorption of wound discharge. The prolonged antiseptic activity of the materials will make it possible to reduce wound infection complications. The greasy consistency of the hydrogels will enable them to be used for the treatment of extensive burns, and will ensure homogeneous adhesion over the entire wound and easy removal without damaging viable tissues. In contrast to existing analogues, the new materials based on harmless metal-containing polymers will possess their own biological activity.
HIGH MOLECULAR WEIGHT POLYVINYL ACETATE WITH A LOW DEGREE OF BRANCHING AND A NARROW MOLECULAR WEIGHT DISTRIBUTION, AND POLYVINYL ALCOHOL BASED ON IT
In recent years, interest in high molecular weight polyvinyl acetate (PVAc) and its derivatives has grown considerably in connection with the use of high molecular weight polyvinyl alcohol (PVA) in such previously nontraditional areas as the production of membranes and fi lms of different technological designation, cryogels with increased strength characteristics, which can be used in medicine and bioengineering as carriers for biologically active substances, and also high-modulus fi bre for composite materials and antiballistic shielding gear, and so on. For application in these areas, more stringent requirements are laid down for PVA, and the optimum ratio of such characteristics of the polymer as heat resistance, strength, and water solubility is important.
In the period 2000-2005, work already begun at the Institute on polyvinyl alcohol was continued, and
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investigations were carried out into the synthesis in an aqueous medium of high molecular weight polyvinyl acetate with a low degree of branching and a narrow molecular weight distribution, with its subsequent saponifi cation to polyvinyl alcohol.
In the course of the investigations, a large volume of data was built up on the study both of the polymerisation of vinyl acetate in an aqueous medium in the presence of initiating systems based on mixed-ligand complexes of manganese and of the saponifi cation of high molecular weight PVAc into PVA. The investigated initiating systems based on chelate complexes of manganese made it possible to produce emulsion PVAc with a molecular weight of up to 1.6 x 10 6 , with a degree of branching of 0.2-0.9, and suspension PVAc with a molecular weight of up to 3.2 x 10 6 , with a degree of branching of up to 3.0.
It was established that, by using the same polymer matrix of high molecular weight PVAc and different methods of saponifi cation, it is possible to produce a whole range of end-products of saponifi cation of high molecular weight PVA that will differ considerably from each other in service characteristics.
The dynamic viscosity of 4% aqueous solutions of PVA based on PVAc with a monomer conversion of over 90% (depending on the molecular weight and structure of the initial PVAc) varied in the range 50-200 mPa s. PVA specimens based on PVAc with incomplete monomer conversion had a dynamic viscosity of 4% aqueous solutions of 150-400 mPa s.
Comparison of the kinetic parameters of degradation of PVA specimens produced by different methods showed that "suspension" PVA is superior to "emulsion" PVA in heat stability. The temperature of the start of mass loss T m for specimens of "suspension" PVA varies in the range 200-268°C (depending on the molecular weight of the polymer), while for "emulsion" PVA specimens it varies in the range 205-238°C. Reduction in the degree of hydrolysis of PVAc leads to an increase in the temperature of the start of mass loss of the corresponding PVA.
PVAc and PVA were synthesised in an aqueous medium, which eliminates environmental pollution by the toxic fl ammable solvents widely used in normal PVA production. Thus, the synthesis methods developed make it possible to fulfi ll the given task on the basis of energysaving technologies with increased ecological safety.
At the present time, research on the given subject is continuing along the lines of producing high molecular weight modifi ed PVA and high molecular weight copolymers of vinyl alcohol with comonomers, which should ensure an improvement in the thermal characteristics of the polymer, with simultaneous retention of the positive characteristics inherent in PVA.
As regards the use of normal industrial PVA with a molecular weight of up to 65 000 as a cryogel carrier, it must be pointed out that the cryogels formed have insuffi cient strength and structure and break down even with slight heating of the system. Also in development at the Institute along these lines is the method of synthesis of new polymeric carriers by the formation of a crysostructured system that possesses increased stability on account of the use of PVA with a superhigh molecular weight. Such cryogels are formed by freezing a solution of this polymer and are held in the hydrogel state by the concentration of intermolecular hydrogen bonds. The gels obtained in this way, after unfreezing, possess high porosity and are permeable both for low molecular weight and for high molecular weight substances.
In short, the research essentially boils down to the development of technology for the production of superhigh molecular weight polyvinyl alcohol (SHMWPVA), technology for SHMWPVA-based cryogel production, investigation of the formation conditions of SHMWPVAbased porous granules, and the development of ways to produce granule-based functional polymer carriers.
THROMBORESISTANT POLYMER COATINGS FOR IMPLANTS
At present, an extremely urgent problem is the creation of synthetic polymer coatings for brief and prolonged contact with blood, in particular new thromboresistant polymer coatings for medical products coming into contact with blood -metal stents, heart valves, and cardiostimulators.
Among the various requirements laid down for polymers of medical designation, there is a common and important requirement: the materials should be haemocompatible if their direct contact with blood is proposed. The risk of blood clot formation is greatest when blood comes into contact with a foreign surface during implantation.
The search for polymers possessing thromboresistant properties is dictated both by the need to replace expensive heparin and by the requirement to create haemocompatible materials. Besides direct-action polymeric anticoagulants, of even greater importance for medicine are thromboresistant polymer coatings. Of the large number of synthetic biomaterials tested, polyorganosiloxanes, polyurethanes, and polyester urethanes were chosen as most suitable in haemocompatibility. However, even these materials are characterised by thrombogeneity, and therefore their surface is normally modifi ed by radiation grafting.
In order to create new polymer coatings, research was begun at the Institute on the electroformation of thromboresistant coatings based on special grades of polyvinyl alcohol, which, being non-toxic polymers, are applied in pharmacology and can be used to create coatings possessing medicobiological properties.
The implementation of the unique improved method of electrodeposition of special grades of PVA and copolymers of PVA modifi ed with different types of comonomer will make it possible to produce coatings with through-thickness homogeneity, as the method has a built-in algorithm by which the application of a coating is automatically stopped once a layer that ensures isolation of the metal electrode has been produced. The merits of the implemented method of electrodeposition from aqueous solutions or aqueous latices include its economy, the absence of environmental pollution, fi re safety, and also the basic possibility of applying a coating to areas of products of complex confi guration, for example steel stents.
Subsequently, research will be continued along the lines of studying the synthesis conditions of vinyl homoand copolymers, and also their modifi ed derivatives, the parameters of electrochemical deposition of vinyl copolymers from their solutions and dispersions, the electroformation of coatings, including coatings based on polyvinyl alcohol, and the production and medicobiological assessment of thromboresistant coatings for metal stents. This research will make it possible to establish the correlation between the structure, physicomechanical properties, and medicobiological characteristics of prospective thromboresistant polymeric materials, and in practice to realise the optimum directional synthesis of polymers with the necessary medicobiological properties.
POLYMER FILMS FOR RADIATION SHIELDING
Questions both of reliable shielding against radioactive pollution, with the guarantee of health and safety, and of the decontamination of areas and surfaces of buildings from radioactive pollution have been tackled inadequately hitherto. They are expensive and associated with high technical diffi culties (water jet treatment, the collection and recycling of radioactive water, and so on).
Different polymeric materials forming a thin fi lm that can be removed from the treated surface are generally used as protective coatings. For these purposes it is technologically expedient to use solutions or dispersions of different polymer fi lm-forming materials, and here, to eliminate additional environmental pollution by different organic solvents, it is expedient to use aqueous solutions or dispersions of polymers for this purpose. As the range of water-soluble polymeric materials produced by industry is fairly narrow, the question of the creation of readily removable polymer coatings based on aqueous dispersions is pressing.
In this regard, research currently being conducted at our Institute on the development of fast-drying polymer composites of multifunctional designation for the shielding and decontamination of the external surfaces of equipment, buildings, and structures against pollution by radioactive substances, based on aqueous dispersions of vinyl-acetate-based polymers, is extremely promising.
Earlier, the Institute conducted research on the development of polymeric fi lm-forming dispersions possessing a highly effective decontaminating capacity ensuring reliable weather-resistant long-term shielding, localisation, and isolation of surfaces of metal, concrete, asphalt, and brick polluted by α-and β-radionuclides. Such anionic dispersions based on organic solvents, being two-polymer systems, possessed a high complexing capacity and a controllable time of formation of a waterproof removable coating. Here, depending on the grade of the composite developed, the decontamination coeffi cient fl uctuated in the range 250-500, with a thickness of the working layer of the fi lm of 90-120 µm and a consumption of the composite per unit treated surface of 250-300 g/m 2 . It must be pointed out, in particular, that the composites developed passed tests at the Armenian, Smolensk, Kola, and Chernobyl nuclear power plants.
With a slight break, research has continued at the Institute into new water-based and aqueous-dispersionbased polymer composites of multifunctional designation that possess a combination of properties making them far superior to the composites mentioned above in terms of the working life of the composite, its resistance to climatic factors, the service life of the protective coating, and the effectiveness of decontamination of the contaminated surface to background.
To this end, in the process of research, the parameters of synthesis of the main polymer matrix and the dual polymer system are optimised, and the optimal concentrations of the modifying additives are determined more precisely. Introduction of the latter into the composite will make it possible to create a composite with the complexing capacity of an anionic dispersion with prescribed properties and a controllable time of formation of a strong readily removable coating. In the future it is proposed, together with the Armenian Scientifi c Centre of Radiation Medicine, to conduct cytogenetic research on radionuclide-contaminated polymer coatings.
At the same time, I want to draw attention to the fact that, with account taken of today's realities, additional efforts have been made at the Institute to establish closer ties with private-sector enterprises, and also to develop market mechanisms ensuring the transfer of results of scientifi c research that would in fact meet the requirements of industry. Thus, over the past decade, all laboratories of the Institute have set about the complex solution of the following problems:
• identifi cation of polymeric materials (determination of the type and structure of the polymer base, chemical composition, and content of additives);
• analysis of feedstock and additives (plasticisers, stabilisers, etc.);
• analysis of the composition of wash and waste waters containing dissolved organic and inorganic substances;
• the development, testing, and inclusion in GOST standards and TU specifi cations of methods for analytical monitoring of industrial plants.
Concluding this paper, I want to point out that the sufficiently high scientific and technical level of developments of the Institute is borne out by the fact that over ten patents have recently been obtained. I will also point out that in 1996, by the decision of the Intergovernmental Economic Committee of countries of the CIS, the main functions with respect to the development of standard technical documentation in CIS countries concerning vinyl acetate, polyvinyl acetate, homopolymeric and copolymeric polyvinyl acetate dispersions, vinyl acetate copolymers, polyvinyl acetate solutions and copolymers in organic solvents, polyvinyl alcohol, and polyvinyl acetals (polyvinyl butyral, polyvinyl formal, and so on), through Intergovernmental Technical Commission No. 218, were again entrusted to the "Plastpolimer" Scientifi c Research Institute CJSC, Erevan.
Thus, the Institute has managed to retain its traditional line of research, which makes it possible, with favourable change in the economic conditions, to ensure the further development of research and development in the fi eld of vinyl-acetate-based polymers.
